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What are MRLS?

« Common language and standard for

— Assessing the manufacturing maturity of a technology or product
and plans for its future maturation

— Understanding the level of manufacturing risk in trying to produce a
weapon system or transition technology into a weapon system
application

e Designed to complement TRLs
« Designed to help set the agenda for
manufacturing risk mitigation

« Establish an expectation of achieving
manufacturing maturity at critical decision
points

NOTE: FYO04 - Joint Defense Manufacturing Technology

Panel (JDMTP) formed MRL Working Group to
develop basic MRL definitions and criteria


Presenter
Presentation Notes
 MRLs provide a common language for assessing the manufacturing maturity of a technology or product and plans for its future maturation
 MRLs also provide the level of manufacturing risk in trying to produce a weapon system or transition the technology into a weapon system application
 MRLs were designed to closely align/complement TRLs as shown in the following slide
 MRLs were designed to help set the agenda for manufacturing risk mitigation



What are TRLS?

e Provide a common language and widely-
understood standard for:

» Assessing the performance maturity of a
technology and plans for its future maturation

* Understanding the level of performance risk in
trying to transition the technology into a weapon
system application



Why MRLs?

*Acquisition Performance perceived as broken

Numerous Studies conducted in last 25 Years to improve Acquisition

Process

*Packard Commission, Goldwater —Nichols Act, SecDef Perry Memo, .
etc :

*GAO continues to identify cost and schedule overruns on Major DoD
Acquisition Programs Ll
*Need better knowledge early in acquisition to guide decisions m

«Congress trying to help improve Acquisition Process
*TRL Legislation
*Weapons Systems Acquisition Reform Act of 2009

*New DoDI 5000.02 adding new requirements to perform manufacturing
assessments

BOTTOM LINE Current Performance in Acquisition must be improved —
MRLSs just one key tool to help



New Emphasis on Manufacturing

Per 5000.02, all programs shall:

assess the manufacturing feasibility and risk of alternatives being evaluated in the
Analysis of Alternatives,

assess the manufacturing feasibility and risk of the proposed materiel solution for
use in the Milestone A decision,

conduct assessments to identify manufacturing risks and ensure manufacturing
processes have been demonstrated in a relevant environment in conjunction with
the Preliminary Design Review (PDR) for use in the Milestone B decision,

conduct assessments to ensure the maturity of critical manufacturing processes
has been demonstrated in a representative environment in conjunction with the
Critical Design Review (CDR), and

conduct assessments to ensure that manufacturing processes have been
effectively demonstrated in a pilot line environment and that there are no
significant manufacturing risks for use in the Milestone C or FRP decisions.



How does MRLs Help

*Great Management Tool

Defines Disciplined Process — Industry Best Practice
*Analogous to Stage Gates for new product
development

sImproves Communications and alignment of purpose
between key stakeholders:
Government and Contractor
*Prime and Suppliers
Industry’s functional organizations (i.e. engineering,
manufacturing, supply chain, quality, and program
office

*Opportunity to generate fact-based technical discussions



MRLs A Great Management Tool

«Structured Approach

*Develops Knowledge
- Manufacturing processes, characteristics, constraints,
requirements
Supports analysis of cost, schedule, producibility, scale-up,
trades

|ldentifies & Manages Risk
- Key manufacturing risks identified as early as milestone A
- Comprehensive assessment of total manufacturing
requirements

*Great Program Review Tool
-Assess manufacturing progress at reviews

*Products/Processes now aligned prior to entering production

«Can be used both tactically to solve a problem and strategically to
identify Global and Enterprise issues that need to be addressed



MRLs A Best Practice

Good Commercial Companies address manufacturing
maturity early in development

*Provides discipline in addressing key manufacturing
areas
*Prime and Suppliers on same work sheet
*Requires both Government and Industry to address
manufacturing risk

» Developed with SMEs from over 60 major DoD
suppliers and Multiple Government Agencies



MRLs A Great Communication
Tool

«Standardize methodology across multiple
suppliers
* Requirements to achieve a defined level of
manufacturing maturity is consistent
* Provides consistency across the industrial
base

*Provides a consistent set of expectations
throughout the life cycle

|ldentifies systemic problems across programs,
suppliers, and services
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Key Variables for Successful MRL
Implementation

*Program leadership commitment

Doing MRL Assessments early in Acquisition
Process can lead to greater impact

*Using qualified SMEs to effectively implement
and assess

Follow through on planning and execution of
necessary maturity/risk reduction efforts

11



MRL Benefits

*MRLs provide a lot of value at very little cost
*Benefits significantly out weigh cost
«Cost to implement and manage MRLs should not be considered “added
cost” but rather early focus of risk mitigation efforts that tend to occur
later, after the fact, and in worst case scenarios....not at all

*MRLs provide the required early visibility into manufacturing maturity to
effectively manage risk

*MRLs set measurable and performance-based goals and provide oversight
of contractor’s performance at both Prime and Suppliers

*MRLSs provide clear expectations on what’'s expected -more effective
planning from everyone

*MRLSs provide needed visibility and encourages proactive risk management

sImplementing MRL process can answer the new DoDI 5000.02
requirements for performing manufacturing assessments

12



Today’s Air Force Reality

« Diminishing manufacturing infrastructure
— People, policy, programs gutted
— Lost recipe on how to manage manufacturing risk

— Won't get infrastructure back, but still need to manage
and mitigate manufacturing risk

13


Presenter
Presentation Notes
As a result of acquisition reform within ASC alone - 20 years ago 500+ folks were on a manufacturing/quality career path.  That career path has been eliminated for the military and decimated for the civilian workforce.  Today ASC has ~40 people working manufacturing /quality issues.  At other product centers, the  career path has been completely eliminated.

With the change in the acquisition milestones and phases—changing Engineering and Manufacturing Development to SDD, the emphasis on manufacturing has vanished.

MRLs can be used as a primary tool to help manage and mitigate manufacturing aspects of our acquisition and S&T programs.  



MRL & TRL Relationships
In Acquisition Process

Relationship to System Acquisition Milestones

Materiel Solution Analysis

Technology

Engineering &
Manufacturing

Production &

Development Deployment
P Development PiOY
MRL 1 MRL 2 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10
Basic Mfg Mfg Mfg Manufacturing Components System or System or Pilot Line LRIP FRP
Implications Concepts Proof of Processes In Production Subsystem Subsystem Demonstrated Demonstrated Demonstrated
Identified Identified Concept In Lab Relevant In Production In Production Ready for Ready for ean Production
Developed Environment Environment Relevant Representative LRIP FRP Practices in
Environment Environment place
TRL 1 TRL 2 TRL 3 TRL 4 TRL S5 TRL6 TRL 7 TRL9 TRL 9
Basic Concept Proof Breadboard Breadboard Prototype Prototype Mission Mission
Principles Formulation of in in Rep in Rep in Ops Proven Proven
Observed Concept Lab Environment | Environment Environment

Relationship to Technology Readiness Levels
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MRL Definitions

[1oh Manufacturing Readiness Level Definiions

Version 7.0- Cctober, 2008

MRL Definition Description Phase
Basic ESE5IC IS5 EaICh SCUVTIES EXPaNd 5 CENTTIC PIINCIPIES (Nat may NavemanuiScunng Pre Conc=pt
Manufacturing implications. The focus is on 3 high level 3ssessment of manufactuning opportunities. The | Refinement

1 Implications ressarch is unfattersd.
|dentified.
Manufactunng ThvE TAng SCIENCE SNGIor CONCER 5 LET] TE Conce

2 Concepts mnmut Idemrﬁ::amn of material snd process spprosches are |II'I'IITBdto papersmdﬁ Refinemant
|dentifizd. and analysis. |nitidl manufachering feasibility and issues are emenging.
Manufacturing FnalyTical Of [SD0Talory EXpenmenis are ConGUGEd 10 WalOale paper SThaes . Fre Concept

2 Proof of Concept Experimants| hardwars or processes have been created, but ars not yetintegrated or Refinement
Developed. representative. Maiernials and/or precesses havebeen characienzed for manutzciurability

and availability but further evaluation and demonstration is required.

Capability o HEqUIred InvESTMENE, S UCH &5 ManUTaCiunng technolcgy 0oV elopment entieg. Concep
produce the Proc: to ensure manufacturability, producibility and quality are in placs and are Refinemant

4 tachnologyin a sufficient to producetechnology demonstrators. Manufscturing risks identified for {CR) leading o
labaorstony prcdo‘lyp= bild. M:.FIJE.CTI.III' icost drivers identified. Producibility s5sessments of aMilestons A

- =sign concepts ey Performance Parameters (KPF) identified. | decision.

ENCEIIELE Sp=c1c.l neads i cilities, material handling and skills.
Capabilty to WITg siraiegy refned and IMegrai=d Wit FEK MG FIEn. [Oenimcaton of enabingicrical | echnoiogy
producs technologies and components is complete. Prototype materials, todling and test Development
protatyps equipment, a5 well a5 personnel skills have been demonstrated on componentsin a {TD) Fhase.

5 componentsing | Predustion relevant environment, but many manuketuring processes and procedures are

- still in development. Manufacturing technology development efforts initisted or ongoing.

production Preducibility smenits of key technologies and components ongoing. Costmodel
relvant based wpon detailed end-to-end value stream map.
anvirmnmeant.
Capabilty io TifiaT mig Spproach developed. Maiy Of manuisciunng processes have been getned | Technoiogy
produce a and characterized, but there are still significant engineer sign changes. Preliminary | Development
prototype system | 92550 of critical components com pleted. Producibility assessments of k=y1=d'rolq ies | (TD) phass
orsubsystemin & camp|=1=- Prototype materials, tooling and testequipment, as well a5 persomnel skills Iamlr, toa

[ a havs been demonstrated on :Lb:ys1—'-rns ystems in 3 production relevantenvironment | Milestons B
production Dietailed cost analyze includ . Costtargets allocated. Producibility decision.
relzvant considerations shape system: =m=k3prnerl plans. Long lead and key supply chain
E TR elements identified. Industridl Capabiliies Assessment {ICA) for M5 B completed.
Capability Io 1 19N I LNGErwEy . HELE] NE Sre Spprov HEIEETEY EEE
produce systens, meet planned pilot line build schedule. Manufacuring prtx:ﬁsuand procedures Development
subsystems or demonstrated in 3 production representative environment. Detailed producibility trade & Demo (200}

7 components in & studiss =nd risk assessments underway. Cost models updsted with detziled designs, le=ding to

. rolled up to system level and tracked againsttargets. Unitcostreduction efforts Design

production underway. Supply chain and supplier QA assessed. Long lead procurement plans in Readiness
reprasantativa place. Production tooling and testequipment design & development initisted. Review (DRR)
environment.
Filotline O=T=1I=0 Sy S1Em OEsIgn S5 52n0aly COMPIEiE SN0 SUTHCIENTy SIS0 0 SNTSr oW 318 yET=m
capability production. All materials are available to mest planned low rate production schedule. Development
demonstrated. Manufacturing and guality processes and procedures proven in a pilot line environment, | & Demo

8 Resadyto begin under control and resdy for low rate production. Known producibility risks pose no leading to 3
o ta significant risk for low rate production. Engineering cost medel driven by detaled design | Milestone C
pr:dric‘tiun and validsted. Supply chain established and stable. ICA for MS C completed decision.
Low Hate TSJar SyST=m O=5ign TEST0TES Sr= STS0E 300 Proven In 1=512nd Svallaton. MSISnas ars | Froaucion &
Praduction available to mest planned rate production schedules. Manufacturing processes and Deployment
demonstrated. rocedures sre estsblished and contralled to three-sigma or some other appropriste leading to 3

g Capabiltyin quslity level to mest design key charactenistic tolerances in 3 bow rate production Full Rate

I {0 beagi environment. Production risk moniioring ongoing. LR IF costgeals met, leaming curve Production

place ta hegin validated. Actual cost model developed for FRP environment, with impact of Continuous | (FRIP) decision
Full Rate improvemant.
Production.
FullFai=s THiS 15 The MIgnesT IEvel Of ProgieTion ES0mess. EngInesnng 0=sign Changes ars 12w FOTHSIE
Praduction and ;ar=rglr5- limited to quality and costimprovements. Sysiem, components or items = | Production/
demonzstrated in rate production and meet sll enginesring, performance, guality and reliability Sustainment
and lean requirsments. All materials, marl.iach.rir-; processes and procedwres, inspection and

10 - test equipment are in production and contrelled to sbesigma or some other appropriate
pr:dqc‘ll:p quality level. FRP unitcostmeets goal, funding sufficient for preduction at required rates.
prachicesin Lean practices well established and confinuous process improvemants ongoing.

place.
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MRL Definitions con'’t

MRL1 | MRL2| MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10
Basic mfg Mfg Mfg proof | Capability to jf Capability to | Capability to J| Capability to Pilot line Low rate Full rate
implications| concepts | of concept | produce the produce produce a produce capability production production
identified | identified | developed |technology inf} prototype prototype systems, demonstrated. | demonstrated. | yemonstrated
alaboratory | components | systemor [ subsystems or Ready to Capability in e
environment ina subsystem in | components | begin low rate | place to begin :
production | a production ina production full rate prodgctlop
relevant relevant production production practices in
environment | environment { representative place
environment

* Production relevant environment —An environment with some shop floor production realism present (such as facilities, personnel,
tooling, processes, materials etc.). There should be minimum reliance on laboratory resources during this phase. Demonstration
in a production relevant environment implies that contractor(s) must demonstrate their ability to meet the cost, schedule, and
performance requirements of the EMD Phase based on their production of prototypes. The demonstration must provide the
program with confidence that these targets will be achieved. Furthermore, there must be an indication of how the contractor(s)
intend to achieve the requirements in a production representative and pilot environments.

» Production representative environment — An environment that has as much production realism as possible, considering the
maturity of the design. Production personnel, equipment, processes, and materials that will be present on the pilot line should be
used whenever possible. The work instructions and tooling should be of high quality, and the only changes anticipated on these
items are associated with design changes downstream that address performance or production rate issues. There should be no
reliance on a laboratory environment or personnel.

* Pilot line environment — An environment that incorporates all of the key production realism elements (equipment, personnel skill
levels, facilities, materials, components, work instructions, processes, tooling, temperature, cleanliness, lighting etc.) required to
manufacture production configuration items, subsystems or systems that meet design requirements in low rate production. To the
maximum extent practical, the pilot line should utilize full rate production processes.
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O MRL Evaluation Criteria
(“Threads”)

1. Technology and Industrial Base

» Technology maturity, technology transition to production, ManTech development
2. Design

* Producibility program, design maturity
3. Cost and Funding

* Production cost knowledge (cost modeling), cost analysis, mfg investment budget
4. Materials (raw matls, components, subassys, subsystems)

» Maturity, availability, supply chain management, special handling
5. Process Capability and Control

* Modeling & Simulation (product & process), mfg process maturity, process yields/rates
6. Quality Management, to include supplier quality

7. Manufacturing Personnel, to include specialization, training, &
certification

8. Facilities, to include capacity and plant layout & design

9. Manufacturing Management
« Manufacturing planning and scheduling
» Materials planning

: ) : 17
» Tooling and special test equipment



MRL Criteria Matrix

DoD Manufacturing Readiness Levels (MRLs)

Acqg Phase

Pre CR

Pre CR

Pre CR

CR-M5A—» &

TD

Ms B —pA SDD

Thread | Sub-Thread

MRL 1

MRL 4

MRL 7

Technology
Mary

Should be aszessed at TRL,

Shouldbe assessed st TAL 2.

Should be aszessed at TRL 3.

Should be aszessed at TRL 4.

Should be azsessed at TRL S,

Should be assessed st TRL 6.

Shouldbe assessed at TRL 7

Should be aszessed at TRL 7.

Technology
Transition to
Production

Fatential sources identified for
technology needs. [Understand
state of the art]

Induztrial Eiaze capabiliies and
gapstrisks identified For key
technolagies, companents,
andbar key processes,

Induztrial Baze assessad ta
identify potential manufacturing
sources

Induztiial Capability Azsessment
(IC4) for MS B has been
completed. Industrial capability in
place ta suppart még of
development articles. Flans ta
minimize solefforeign sources
complete. Meedfar solefforeign
sources justified. Potentisl
altemative sources identified.

Industrial capability to suppart
productian has been analized.
Solefforeign sources stabilityis
assessedimanitared. Developing
potential akternate sources as
neceszary.

Induztrial Capability Azseszment
(ICA) For MS C has been
campleted. Industrial capability is
in place to suppart LRIP. Sources
are available, multi-sourcing where
cost-effective of necessany to
mitigate risk.

Manufacturing
Technology
Development

Technology & Industrial Base

Hew ing concepts and

potentisl solutions identified.

technology
coneepts identified through
experiments  madels.

g stience & advanced mfg
technology requirements
identified.

Frequired

technology development efforts
initiated.

technology efforts
continuing. Required
manufacturing technology
development solutions
demonstrated in 2 production

relevant environment.

flanufacturing technology efforts
cantinuing. Fequired
manuf acturing technalogy
deyelopment solutions
demonstrated in a production

i ironment.

IManufacturing technology efforts
cantinuing. Required
manufacturing technology
solutions validated on a pilot line.

Produci
Program

Fielevant materialstprocesses
sualuated Far manufacturabilty
using experimental results.

Praducibility & Manufactur abiliy
aszessment of design coneepts
sompleted. Fesults guide
selection of design concepts and
key componentsitechnolagies for
Technology Development
Strateqy Required Test
Evaluation Strategy (TES]
inzludes Desian for Test during
production,

Fraducibiliy &

of key technalagi

Froducibility ofkey
technologiesteomponents and

and components initisted.
Systems Enginesring Plan [SEF)
requires validation of design
choices against manufacturing
process and industrial base
capability constraints.
Manufacturing processes
aszessed For capability to test and
werify in production, and influence
on Operations & Suppart (0&S]

producibility trade studies
[performance us. pradusibility)
completed. Results usedto
shape System Development
Strategy and plans Far SO0 ar
technology insertion programs
phase.

Dietailed producibility trade studies
using knawledge of key design
characteristics and relsted
manufacturing process ¢apability
completed. Producibility
enhancement efforts (¢.g. Design
For Mg Assembly] nitiated.

Froducibility improvements
implemented on system. Known
producibility issues have been
tesolued and pose no significant
tisk for LRIF.

Design Maturity

Design

Flanufacturing oppartunities

identified.

Applications defined. Broad
performance goals identified that
may drive manufacturing aptions.

Tap level perfarmance
requirements defined. Trade-offs
indesign optians assessed based
on experiments. Produst lifecyele
and technical requirements
evaluated.

Initial Systems Engineering Plan

4 e e oo

and Test and Evaluation Strategy
recognize the need For the
establizhmentfvalidation of
manufactuting ¢apability and
management of manufacturing
rizk for the product lifecycle. Initial
Key Performance Parameters
[KPFs) identified.

technologies and components is
somplete and includes the product
lifecycle. Evaluation of design Key
Charactaristios [KC]initiated

Basic system design requirements,
defined. All enablingfcritical
technologiestcompanents have
been tested and validated.
Product data required for
protatype manufscturing released.
&, prefiminary performance as well
a5 Focused logisties specification
is in plage. Key Characteristios
andtolerances have been
established.

Pradust requirements and
features are well enough defined
ta suppart detailed systems
design. &Il product data essential
for of component

Dietailed design of product
features and interfaces is
complete. All produst data
essential for system

design demonstration released.
Fatential KT risk issues have
been identified and mitigation plan
is in place. Design change traffic
may be significant

released. Major
product design Features are
sufficiently stable such that key
LRIF manufacturing processes
will be representative of thase
used in FRP. Oesign change
traffic does not significantly
impact LRIF. Key characteristics
are stable and hawe been
demonstrated in SO0 or
technalagy insertion pragram

Production Cost
Knowledge [Cost
madeling)

Cost model approach defined

Technology cost models
developed fat new process steps
and materials based an
erperiments,

Detailed process chart cost
models driven by key
sharacteristics and process
warizbles. ManuFacturing,
materizl and specialized regt. cost
drivers identified,

Detailed end-to-end value stream
map cost madel For major system
components includes materials,
labor, equipment, toaling!STE,
setup, yieldiscraphrework, Wark In
Progress (WIF), and
capabilitylcapacity constraints.
Compaonent simulations drive

Cast madel inputs include design
requirements, material
specifications, tolerances,
integrated master scheduls,
results of systemizubsystem
simulations and production
relevant demonstrations.

Cost models updated with detailed
designs and features, collected
quality data, plant layouts and
designs, and absoleseence
solutions.

Engineering cost model driven by
detailed design and validated with
data from relevant environment.
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MRLSs in Program

Address MRLs in Key Documents
« SEP, TDS, Acq Plans, RFP
Use manufacturing maturity/risk in Source Selection

Manufacturing Risk needs to be integrated into Program’s Risk
Management activity

Implementing MRLs into a Program Management Activity
* Incorporate in IMP and IMS

« EVS data
* Address Manufacturing Maturity into Program Management
Reviews

Assess manufacturing maturity in Technical Reviews
» PDRs, CDRs, etc
* Perform manufacturing readiness assessments
Status manufacturing maturity at milestone reviews
* Address DoDI 5000.02 requirements
BOTTOM LINE — Manufacturing is important and needs to be

addressed in your programs

20
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What is an MRA?

An evaluation of a program’s ability to
produce on schedule while meeting cost and
performance requirements

A tool to develop and implement:

— Manufacturing risk mitigation plans

— Business strategies

Results in an assignment of MRLs to key
system components

Results in the development of a
manufacturing maturation plan as required

22


Presenter
Presentation Notes
A Manufacturing Readiness Assessment is a structured evaluation of a technology, component, manufacturing process, weapon system or subsystem using the MRL definitions as a standard to assess manufacturing maturity.
 It is performed to define the current level of manufacturing maturity and to identify maturity shortfalls and associated risks with achieving the program’s objectives
The program’s business strategies provide the basis for implementing the manufacturing maturation and risk management  efforts through the program’s lifecycle by addressing areas such as design changes, pricing agreements, capital investment and other key manufacturing focus areas.
 
Results  of an MRA provide two key products.  The first is an MRL score on all key systems/components, thus providing a clear understanding where you are on the manufacturing maturity curve on the whole system.  The second key product is a maturation plan that provides a roadmap to achieve the required MRL by completion of the program.
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MRA Process

e Assessment Lead works with PM and contractor on
Manufacturing Assessments Process
— MRA Deskbook spells out process

 Assessment lead responsibilities

Determine appropriate level to perform Manufacturing Readiness
Assessment(s) (MRAS) -- System may contain several critical
technologies/components/manufacturing cells

Schedule on-site MRA with contractor(s)

Send Orientation Package to contractor(s)
Define Assessment Team Membership

Define Deliverables of Assessment Results
Conduct on-site assessment with contractor(s)
Deliver final report/briefing

24



Manufacturing Readiness Implementation
Approach (ACATS)

INTRODUCE Meet with Wing/Program
Management Team
And Other Stakeholders
=
> TRAIN Define Objectives
- Yield Improvement
- New Variant (e.g. Spiral)
OBJECTIVE .
s STATEMENT N Increased Capacity (Surge)
DEFINED
> ASSESS
: Decompose the Problem Space
- By Technology (i.e. Component)
R - By Supplier
"| INCORPORATE - Handle Assembly & Test
Wing/PM Team owns
25




Preparations

Determine where to perform MRAs
— Address contract issues

Notify companies and send orientation package
— Purpose, approach, questions, strawman agenda
— MRL definitions/threads
— Self-Assessment
Select Assessment team(s)
— Typically 2-6 members per team
— Appropriate members (include Gov't customer)
o Specialists for key technologies (if needed)
Schedule On-site assessments

— Months prior to key milestone decisions
« Allow time to develop/implement risk mitigation plans

Team Orientation—Meet prior to on-site assessment

26



Where to perform MRA

Key questions to ask!

Materials: Are there materials which have not been demonstrated in similar products
or manufacturing processes?

Cost: Is this item a driver that significantly impacts life-cycle cost (development, unit,
or operations and support costs)? Is the technology new with high cost uncertainty?

Design: Is the item design novel or does it contain nonstandard dimensions or
tolerances or arrangements?

Manufacturing Process: Will the item require the use of manufacturing technology,
processes, inspection, or capabilities that are unproven in the current environment?

Quality: Does the item have historical/anticipated yield or quality issues?

Schedule: Does this item have lead time issues or does it significantly impact
schedule?

Facilities: Does this item require a new manufacturing facility or scale up of existing
facilities (i.e., new capability or capacity)?

Supply Chain Management: Does the item have anticipated or historical sub-tier
supplier problems (e.g., cost, quality, delivery)?

Industrial Base: Does the item have an industrial base footprint with critical
shortfalls or is this a critical item manufactured by a sole or foreign source?

If yes, consider performing an MRA at this facility. 7



On-Site Activities

Introduce team and highlight specific roles
» Purpose of assessment and how results will be used
» Assessment process
» Expectations

Contractor should:
» Introduce contractor participants — highlight responsibilities
* Provide detailed responses to questions provided in orientation package

» Indicate who is available to work with team counterparts in later meetings for detailed
discussions

» Lead shop floor tour

Perform initial assessment

Private meeting of Government assessment team to:
* Prepare feedback and identify any action items
« Key strengths/risks/issues
« Key missing data (if any)
* Proposed action items

Out-briefing by Government team to contractor
28



e Large programs can require multiple MRAs

Example Process Flow

Generic Aircraft

Deliver to Facility B

Composite | Composite Install o/ Install Install Install Assemble
- > — > > . —
Fabrication Assembly Cables Avionics Oil System Fuselage Tails
Fuel System
Engine
Delivery
Cable INS l Landing Gear
Fabrication Delivery Build-up
Engine Build-up
Deliver to Facility C
— v \4 v
P Initial L Install _ Move A/C Install Assemble Install Install Install
g\rllv:g_kl;p - Wings/Tails |~ ToTest | Engine Cowls Wings Power plant Landing Gear Brake System
v Colors represent supplier/facility
System . Final ;
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Supplier MRA Plan

Identify and prioritize critical suppliers to perform MRA

Determine Contract requirements (e.g. SOW)
— Scope of MRA detailed

— Method of MRA detailed

— Output defined

Developed detailed MRA execution plan with each
supplier (schedule, format, personnel)

Execute MRA

Define/Plan/Execute MRL mitigations

Measure mitigation effectiveness, update assessment
NOTE: Similar to prime MRA — Prime should lead
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Follow-on Activities

Gather any key missing data

Convene team meeting -- Typically within 2 weeks of on-
Site assessment

* Discuss and finalize assessment

« Examine current program and manufacturing risk reduction plans

» Agree on likely MRL at completion of milestone if current plan is
followed

Share results with contractor

ldentify the specific risk reduction activities necessary to
reach the next milestone

ldentify the funding, time-phasing and approach to
carrying out each activity

Prepare and submit final report
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MRA Deliverables

* Provide briefing and/or written report

|dentify target MRL
ldentify current MRL

|dentify key factors where manufacturing readiness falls
short of target MRL

» Define driving issues
ldentify programs and plans to reach target MRL

Assess type and significance of risk to cost, schedule or
performance

* Next step: Implement and execute the
Manufacturing Maturation Plan
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SAMPLE SUMMARY ROLL-UP

OF COMPONENTS

Subsystem Top Level Observations Most Critical
MRL

Guidance 3 - Lacking detailed process information Detector from supplier A

- Key suppliers identified; Need key - Design & production issues

performance parameters - No alternate source

- Need detailed process plans
Data 3 - New processor architecture Board Supplier can't test at their
Processor -Immature design tools site

- New attachment processes needed Low yields on initial run
Propulsion 6 - Same as other systems in use Re-validate manufacturing

- New component scheme Process

Supplier handle increased rate

Air 7 - Same supplier as system X No critical items
Vehicle - Need to test new mating and assembly

processes at the prime
Test Plan 6 Several instances of re-design work and - New test strategy and plan

new test processes

- What will new design
incorporate?

- Manufacturing experience vital
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SAMPLE SUMMARY

(Drill down)

Guidance T0I£) Level Observations Most Critical
Sub MRL
systems
Front End 3 - Lacking details on builds Detector from supplier A
Sensor - Process procedures need more work - Design & production issues
- Test and assembly procedures have not been | - No alternate source
verified in manufacturing environment
Data 3 - New processor architecture Low yields on initial build
Processing -Awaitin(raj Design for Manufacturing and Working process controls
PWB Assembly (DFMA) results Looking at re-design for easier
fabrication
Cables For: 3 - Using same suppliers other weapon systems | Re-validate manufacturing process
Power - Have not received prototypes, awaiting as seen on past programs
Data supplier delivery Need new process plan
Housing 4 - New supplier: limited experience Need supplier management
- Need new assembly processes at the prime process; need new process plans
Cooling 3 - Form, fit factors for new cooling design not Final cooling plan will be defined
in place after front end is stable
Initial process plan for build in place
Integration 3 - Several new test processes need New test strategy and plan
Process that development for new components New special test equipment must
includes be ordered
assembly
and test
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MRA Risk Management

Assessing Risk is independent of the MRL value assigned
— Higher MRL value may be highest risk
 Eg. Requires new equipment, high cost process
Risk Assessment should consider
— Time needed to reach target MRL

— Require new personnel, training, capital, or more POM samples to
flush out the process

— Leverage other programs
— Captive or Merchant Supplier Dependency??

— Part of a company’s core business
e Leads into an industrial base assessment

Effective of use of Design for Manufacturing Tools and other
simulation techniques.
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Some MRL Thoughts

« MRLs are not a report card
— MRL 7 might not be good
— MRL 3 might not be bad

« MRLs are a tool to manage and mitigate
manufacturing risk

— A common language used to assess manufacturing
maturity

— Provide insight not oversight

38



MRA Thoughts

MRA process highlights areas needing attention
to lower production risk

Sets expectation and measures Prime contractor
and Suppliers Manufacturing’s progress as
program matures

Detailed analysis rank ordered; Can be an
Investment strategy and feeds into risk
management

Effective tool to convince Senior Leaders you
are ready for production

Manufacturing maturity through the MRA process
enables efficient, cost effective manufacturing
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Additional Information

- DoD Manufacturing Readiness Reference
http://www.dodmrl.com/

- MR
- MR
- MR

| Definitions
_ Criteria Matrix

| Deskbook

» Defense Acquisition University MRL Website
 AF ManTech’s MRA Tool and Users Manual
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